The feasibility of short-term immobilization for <5 min of female mice by methohexitone sodium was studied. In C3H/Neu mice, methohexitone at a dose <40 mg/kg did not result in chemical restraint, doses >50 mg/kg caused considerable lethality. A dose of 44 mg/kg, applied intraperitoneally at a concentration of 6.46 mg/ml, is suitable for immobilization without complications. This concentration was chosen in order to achieve an injection volume of about 0.15 ml for a mouse with an average body weight of 22 g, corresponding to about 1 mg/mouse. Complete immobilization, defined as absence of the righting reflex, was observed within 3.3 ± 0.8 min (mean ± SD, n = 10) after the injection and lasted for 1.5 ± 0.7 min. Recovery of the animals was complete after a total period of 10 to 15 min postinjection. No gross pathomorphological changes were induced when intraperitoneal injections of methohexitone were repeated 10 times within 10 days. In the present study, complete immobilization of the mice was safely achieved after 87 out of 90 injections.
The mouse tongue model was established for radiobiological studies into the response of oral epithelium to X-irradiation (Dorr & Kummermehr 1990 , Dorr et al. 1993 , Dorr et al. 1994 . The response of a defined area 13x 3 mm 2 ) of the ventral tongue surface to local treatment with soft X-rays, after or without pre-treatment of the whole snout with 300 kV X-rays, is used to quantify doseresponse relationships in these investigations. Restriction of clinical symptoms to the test area significantly reduces the effect on the animal and no weight loss is induced by the radiation response (Breitner 1989, Dorr & Correspondence to: Dr Wolfgang DOII. Klinik und Poliklinik /iiI Strahlentherapie, Medizinische Fakultiit Carl Gustav Carus, Fetscherstr. 74, D-01307 Dresden, Germany.
Tel: 49 (0) 351 4583329, Fax: 49 (0) 351 4584339, E-mail: DOERR@RCS.URZ. TU-DRESDEN.DE Accepted 8 May 1998 Kummermehr 1991). In order to identify radiation-induced mucosal ulcerations, daily inspection of the tongue is required over a time period of about 2 weeks. For this, the animals have to be anaesthetized in order to fix the tongue by means of forceps. The entire scoring procedure lasts for only about one minute per animal, and therefore shortterm immobilization for <5 min is preferable. Due to the large number of animals to be scored, and the manipulations necessary at their snouts, inhalation anaesthesia appears impracticable, and injectable agents have to be applied.
Methohexitone anaesthesia are used for dental and small gynaecological surgery procedures in human patients which are performed on an outpatient basis (Doze et al. 1986 , Logan et ai. 1987 , Lombard & Couper 1987 , Hunter 1989 , Meyers et al. 1994 , Dembo 1995 , Lieblich 1995 , Thompson & Robertson 1996 . Recently, methohexitone sodium (Brevimytal®, Lilly, Germany) was introduced for short-term immobilization of dogs (Gentry et ai. 1996) , cats (Sellgren et al. 1992) and rodents (Smith 1993 , Wixson 1994 , Ewen et al. 1995 . In the present study this drug has been tested for use in mice of the C3H/Neu strain, in order to replace the longlasting anaesthesia with pentobarbitone sodium. The feasibility of intraperitoneal application and the optimum dose required for safe immobilization of the animals have been defined in a pilot study. The duration of immobilization after single applications of methohexitone sodium was measured and effects of repeated applications of methohexitone were studied.
Materials and methods

Animals and housing
Female mice of the inbred C3H/Neu-strain from GSF-Forschungszentrum (Oberschleissheim, Germany) were used in all experiments. Five animals were kept per cage (Macrolon, type II) on saw-dust bedding of softwood basis (Altromin Labortiereinstreu, Altrogge, Lage, Germany). The mice were housed under controlled conditions of room temperature (22-24°C) and humidity (50-60%). They were specified pathogen-free, with the pathogens tested for: Bordetella spp., Citrobacter freundii, Corynebacterium kutscheri, Pasteurella spp., Salmonella spp., Streptobacillus moniliformis, Streptococcus pneumoniae, p-haemolys, Streptococcus spp., MHV, Re03, TMEV, PVM, Sendai, MVM, ectromelia, LCM, mouse adenovirus, K-virus, Hantaan, LDV, Bacillus piliformis. Standard pelleted diet (Altromin 1314, Altrogge, Lage, Germany) and chlorinated city tap water from standard drinking bottles were provided ad libitum. A light-dark cycle was maintained automatically with light phase between 06:00 and 18:00 h. The animals were 10-12 weeks old with a mean body weight of 22 ± 3 g (mean ± SD, n = 48) at the beginning of the experiments.
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Experimental design
Experiment 1 In this pilot experiment, the feasibility of immobilization with methohexitone sodium (Brevimytal®, Lilly, Giessen, Germany), i.e. the sodium salt of a-dl-I-methyl-5-allyl-5-(l-methylpentinyl-2)-barbitone acid, was studied. Methohexitone was dissolved in 0.9% saline at a concentration of 3.23 mg/ml. This concentration was prepared by 100 mg methohexitone dissolved in 1 ml saline and a further dilution with 30 ml saline. The doses suitable for proper immobilization were defined. For this, rates of successful immobilization and mortality rates were recorded.
Doses tested with 3D, 35, 40, 45, 50 and 60 mg/kg given intraperitoneally by fast injection (ca. I ml/s) with injection volumes per mouse of about 0.2, 0.25, 0.3, 0.35, and 0.4 ml. Five mice were used per dose group; each animal was injected only once.
Experiment 2
The time course of methohexitone restraint was studied in a group of 10 mice. Each animal was immobilized only once. The drug was given at a dose of 44 mg/kg intraperitoneally, again by fast injection with about 1 ml/s. The concentration was 6.46 mg/ml. This concentration, based on the results of the dose finding study mentioned above, yielded injection volumes of about 0.15 ml per mouse, a volume which in mouse tongue studies is routinely used as a pre-determined volume for the application of a variety of drugs and doses. The time to immobilization, i.e. the time to loss of the righting reflex, TI, the time to restoration of the reflex, T2, the duration of immobilization, T2 -TI, and the time to complete behavioural recovery T3 were measured. The latter time point is hard to define precisely and hence no statistical analysis was performed for T3.
Mean values for Tl, T2 -Tl, and T3 with their standard deviations (SD) were calculated from the individual values using the statistical analysis system (SAS) (SAS Institute Inc. Cary 1990).
Immobilization of mice by methohexitone
Experiment 3
The feasibility of repeated applications, i.e. daily injection on 10 subsequent days, was tested in a separate experiment in a group of eight mice. The drug was given according to the protocol used in experiment 2, i.e. at a dose of 44 mg/kg (about 0.15 ml/mouse or 1 mg/mouse) intraperitoneally with about 1 ml/s. The concentration was 6.46 mg/ml. The animals were killed by cervical dislocation immediately after the last immobilization and examined for morphological changes induced by the repeated methohexitone application. No histological studies were performed due to the lack of macroscopic changes.
Results
Experiment 1
In this pilot experiment for dose finding, methohexitone sodium was applied intraperitoneally at doses between 30 mg/kg and 60 mg/kg. Doses below 40 mg/kg did not result in immobilization. In contrast, deaths due to methohexitone overdose and a consequent respiratory insufficiency occurred occasionally, i.e. in 2/5 mice at a dose of 50 mg/kg. Injection of 60 mg/kg resulted in a lethality of 100%. Using 45 mg/kg, all mice were securely immobilized without lethal events.
Experiment 2
In all further experiments, a dose of 44 mg/kg methohexitone, equivalent to about 1 mg/mouse, given in an injection volume of 0.15 ml was used. A group of 10 animals was injected and the time course of methohexitone immobilization was determined. The average time Tl between injection and immobilization, i.e. the complete loss of the righting reflex, was 3.3 ± 0.8 min (mean ± SD). This was accompanied by loss of jaw and tongue muscle tone and hence the tongue could readily be inspected. Complete immobilization was observed in 9 of 10 mice for a period of (T2 -Tll = 1.5 ± 0.7 min, i.e. with T2=4.8 ±O.7 min. One animal presented with minor excitations, reflected by uncoordinated extremity movements, for a 37 period of 3 min. Complete restoration of physiological behaviour was observed after a total time T3 of la-IS min post injection. Recovery from immobilization occurred in the majority of the animals without any signs of excitation. In only two of the animals a short transitory excitatory phase, again resulting in uncoordinated muscle movements, of about 0.5 to 1 min was observed.
Experiment 3
In a separate experiment, again with a constant drug dose of 44 mg/kg, methohexitone immobilization was repeated daily on 10 consecutive days. In this series, complete immobilization was successfully achieved after 78 of the 80 injections. The rate of complete immobilization was 9/10 mice on days 2 and 3, and 10/10 mice on all other days. One mouse presented with minor excitations (muscle contractions) on day 2 as well as on day 3, but loss of tongue muscle tone was sufficient for tongue inspection. No decrease in the success rate of immobilization was observed with the number of applications, and no systematical fluctuations in the time course of the immobilization were found. Macroscopic examination of the animals after the last application revealed neither any signs of inflammatory changes of the peritoneum nor other pathological alterations. Hence, no further histological studies were initiated.
Discussion
In a number of studies in small experimental animals, short-term immobilization between 1 to 5 min is required. The inspection of mouse oral mucosa for scoring of radiationinduced changes is a typical example. In order to reduce the stress which would be induced by mechanical restraint techniques, and the jeopardy of mucosal traumatization, chemical restraint has to be applied.
However, a number of anaesthetics with high metabolic rates and hence short durations of action, like propanidid or hexobarbitone, are not commercially available.
Pentobarbitone, commonly used for small animal experimentation, results in immobilization for 1 to 1.5 h in the C3H/Neu mouse strain (Dorr, unpublished data) , which is considerably longer than required for a large number of experimental procedures. Alternatively, agonists of o:2-adrenergicreceptors, e.g. medetomidine, might be used for the sedation of small experimental animals (Klide 1992 , Tranquilli & Benson 1992 , Cruz et al. 1998 ). Their advantage is the possible use of specific antagonists, e.g. atipamezole, to terminate the effect. However, side effects, like a decrease in cardiac output IKlide 1992) may not allow for the use of these agents in a number of experimental models.
Carbon dioxide, i.e. a mixture of CO2 and oxygen, may be applied particularly in experiments where the influence of liver enzyme induction on experimental results by other agents has to be avoided. The duration of carbon dioxide effects is similar to that reported in the present study for methohexitone.
Ether anaesthesia is rather insecure and, if repeated daily in a large number of animals, results in a considerable number of fatal events. Furthermore, the agent is trapped by the coat of the mice and therefore may cause long-lasting disarrangements for the animals, which in turn may influence the experimental outcome. Volatile anaesthetics, like halothane, enflurane or isoflurane may be used, but have to be applied using the appropriate equipment and often is impractical when large animal numbers have to be treated. These drugs also may be emitted into the experimentation environment if open or semi-closed inhalation systems are used. Furthermore, hepatic toxicity may be caused by repeated application, e.g. of halothane.
Hence, alternative anaesthetics, secure, injectable intraperitoneally, and with short durations of immobilization, are required particularly in mouse experiments. A further prerequisite for the use of new anaesthetics is that the experimental parameters studied are not affected by the agent itself, or at least that the effects are known.
The feasibility of thiopentone sodium (TrapanaI Qil ) anaesthesia via intraperitoneal injection has been tested in a pilot study in D6rr & Weber-Frisch the C3H/Neu mouse (Dorr, unpublished data) . We found that the therapeutic range is rather narrow with unacceptable mortality, and therefore the agent cannot be recommended for use in mice on a routine basis. Propofol, commonly used in human patients for dental surgery (Doze et al. 1986 , Logan et al. 1987 , Schoch et al. 1988 ), has recently been tested for use in small animals (Ilkiw 1992 , Radu 1994 . However, intravenous injection is required, and hence the use for daily repeated immobilization in mice is obviously limited.
Therefore, the present study was initiated to investigate the feasibility of short-term immobilization by methohexitone sodium (Brevimytal®l in female mice of the C3H/Neu strain. The drug has recently been used in rodents by intraperitoneal injection (Smith 1993 , Wixson 1994 . The response in the individual animals to defined pre-determined doses of the drug displayed a substantial variation, ranging from inadequate restraint to death (Smith 1993) .
In contrast, a comparable response in all animals was observed in the present study. It could be demonstrated that repeated intraperitoneal injections of methohexitone did not induce any grossly evident pathological changes in the peritoneal cavity or at other sites. Immobilization is induced within a few minutes and lasts for 1-2 min only. Complete recovery of the animals was seen after 15 min post injection at the latest. In the mouse strain used in this study, a dose of 44 mg/kg was found to be suitable to induce sufficient restraint in all animals. The therapeutic range is reasonably wide, and numerous applications of methohexitone have since routinely been performed at a frequency of about 40/day in our institutes for oral mucosal investigations in animals of varying age and of both sexes without any complications or deaths (e.g. Dorr 1994 , Dorr & Weber-Frisch 1995a . Complete immobilization was achieved in almost all cases with a rate of incomplete effect of only 1 to 2%. This failure rate is similar to the general likelihood of intraperitoneal injection failure in the authors' hands. According to our experience, no effects of age or sex of the animals on the anaesthetic efficacy of methohexitone were observed.
In conclusion, methohexitone immobilization by intraperitoneal injection is a feasible method for short-term immobilization in the mouse, and may be applied in models where the duration of the experimental procedures performed is in the range of 1 to 1.5 min.
